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Monday, February 9, 2015 251aAdipocyte fatty acid binding protein (FABP4) is a 132-aa intracellular lipid
binding protein involved in the transport of fatty acids between cell mem-
branes and organelles. FABP4 participates in several pathways including
lipolysis and lipogenesis, and is involved in lipid and energy metabolism
related diseases such as diabetes. Additionally, in animal models, inhibitors
of FABP4 have been found to halt the progression of diabetes that is usually
concurrent with obesity. Although the structure of FABP4 has been deter-
mined using x-ray crystallography and binding to several of its hydrophobic
ligands well characterized, the transitions in the structural dynamics upon
ligand binding have yet to be investigated. Here, we report the results of
the NMR resonance assignment of the apo form of human FABP4, and
compare these results to chemical shift prediction analysis performed using
SHIFTX and SPARTA. We also report spin relaxation measurements used
to probe the fast (ps-ns) backbone dynamics. Finally, through NMR titrations,
we are investigating the structural dynamics transitions which occur
upon binding of FABP4 to its hydrophobic ligands, including several novel
lipid ligands. The project is a working collaboration between St. Catherine
University, the University of Minnesota, and the Minnesota NMR Center,
and provides a model of conducting collaborative undergraduate research in
partnership between a PUI, a major research institution, and an instrument
center.
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The availability of antibiotics has allowed for the successful treatment of many
bacterial infections as well as the ability to perform invasive medical proce-
dures including surgery and chemotherapy. However, their wide use has led
to pathogens’ increased drug resistance and the need to find novel classes of
antimicrobial peptides as alternatives to antibiotics. Lactophoricin (LPcin), a
cationic amphipathic peptide consists of 23-mer peptide, corresponds to the
carboxy terminal 113-135 region of component-3 of proteose-peptone. LPcin
is a good candidate as a peptide antibiotic because it has an antibacterial activ-
ity but no hemolytic activity. Three different analogs of LPcin, LPcin-yk2
which has mutant amino acids, LPcin-yk1 and LPcin-yk3 that has shorter
mutant amino acids are recently developed by using peptide engineering in
our laboratory. These three LPcin analogs show better antibioitic activities
than wild-type LPcin and no toxicity at all.
In order to understand the structural correlation between LPcin analogs struc-
ture and antimicrobial activity under the membrane environments, we tried
to express and purify as large as amounts of LPcin and three different
LPcin analogs. We finally optimized and succeed to overexpress in the form
of fusion protein in Escherichia coli and purified with biophysical techniques
like Ni-affinity chromatography, dialysis, centrifuge, chemical cleavage, and
reversed-phase semiprep HPLC. In here, we will present the optimizing
processes with high-yield expression and purification of three LPcin analogs
and solid- state NMR structural studies to figure out antibacterial killing
mechanisms.
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The biological functions and molecular structures of proteins are highly depen-
dent on the physical and chemical properties of the surrounding environment.
Just as water is essential for supporting the native states of soluble proteins, the
lipid bilayer is critical for preserving the functional and structural integrity of
membrane proteins.
The principal advantage of NMR spectroscopy as a method for structure deter-
mination is its ability to examine proteins in samples that are very close to their
functional environments. NMR is well suited for studying soluble proteins in
water and membrane proteins in lipid or detergent environments.
However, NMR structure calculations in explicit solvent or explicit lipids are
computationally expensive and many NMR structures are calculated with a
simplified repulsive term to prevent atom clashing. This accelerates the calcu-
lation but sacrifices analysis of the non-bonded interactions that play important
roles in structure and function. To facilitate NMR structure calculations in a
physically realistic environment we are developing a computationally efficient
implicit solvent and implicit membrane potential for the Xplor-NIH, NMR
structure refinement package.Here we show that the potential provides significant improvements both in the
quality and precision of the calculated structures, provides correct embedding
of membrane proteins in lipids, and provides physically meaningful views of
residue-residue interactions and residue-membrane interactions.
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Uniformly 13C- and 15N-labeled receptor in milligram quantities was pro-
duced by bacterial fermentation, purified and functionally reconstituted into
unilamellar liposomes in the agonist-bound state. 13C- and 15N-NMR spectra
of the labeled CB2 were recorded by solid-state, magic-angle-spinning
(MAS) NMR. The structure of CB2 was obtained by homology modeling
to rhodopsin, followed by energy minimization and MD simulations.
Microsecond-timescale molecular dynamics simulations of CB2 in a lipid
bilayer gave insights into molecular details of receptor activation upon agonist
binding. The atomic coordinates of CB2 were used for prediction of chemical
shifts of resonances before and after CB2 activation using the programs
SHIFTX and SPARTA. Experimental and model-derived Ca, Cb, C¼O, and
N-H chemical shifts of amino acids were compared. The chemical shifts of
the Ca region of the protein are in reasonable agreement between measure-
ment and prediction from the molecular model confirming that secondary
structure prediction from the model agrees reasonably well with experimental
reality. Activation of CB2 upon ligand binding is predicted to result in signif-
icant changes of chemical shifts of a small number of resonances located
primarily in N-terminal domain, extracellular loop 2, the second half of intra-
cellular loop 3, and the first half of C-terminal domain. Amino acid residues in
those regions are desired targets for specific amino-acid labeling to study
mechanisms of receptor activation.
1272-Pos Board B223
BCL-2 Family Proteins Effect on Mitochondrial-Mimicking Membrane
Structure by Solid State NMR
Artur P.G. Dingeldein1, Martin Lidman1, Sarka Pokorna2, Martin Hof2,
Anders Pedersen3, Go¨ran Karlsson3, Gerhard Gro¨bner1.
1Department of Chemistry, Umea˚ University, Umea˚, Sweden, 2J. Heyrovsky
Institute of Physical Chemistry, Academy of Sciences, Prague, Czech
Republic, 3Swedish NMR Center, University of Gothenburg, Gothenburg,
Sweden.
Mitochondria are not only the cells’ powerhouse, but also involved in their
suicide via apoptosis. Key regulators of this pathway are members of the
Bcl-2 protein family which interact with the outer mitochondrial membrane
to modulate permeability and enable the release of apoptotic stimuli like
cytochrome c. For a long time the mitochondrial membrane forming lipids
have been seen as merely structural building units with proteins doing the
actual work. This view changed in recent years, since lipids were shown to
be also directly involved in apoptotic events e.g. under intracellular oxidative
stress. Oxidized phospholipids (OxPls) generated under these stress conditions
might trigger mitochondria-mediated apoptosis. Their presence in mitochon-
drial membranes can severely alter the properties of these membranes with
yet unknown consequences regarding the formation of pores through
membrane-mediated interplay with apoptotic Bax protein. We therefore
devised a model system that embodies oxidative stress conditions by incorpo-
rating OxPls into mitochondria mimicking model membranes composed of
phosphatidylcholine (PC), phosphatidylethanolamine (PE) and cardiolipin
(CL) to study the impact of OxPls on apoptotic Bax-membrane interactions.
To obtain molecular insight into hydrophobic fatty acid regions of membranes
and their hydrophilic interface which is responsible for first protein-membrane
contacts, we used differential scanning calorimetry (DSC) and solid state
NMR spectroscopy. Upon incorporating OxPls with carboxyl (PoxnoPC) or
aldehyde (PazePC) groups at their truncated sn-2-chains into our mitochondria
model membranes, calorimetric and NMR measurements showed dramatic
changes. 31P NMR experiments revealed major perturbation effects in these
membranes; an effect which presumably elevates the membrane binding of
apoptotic Bax to the charged membranes and its partial penetration, being a
prerequisite for its final formation of pores which enable cytochrome c release
252a Monday, February 9, 2015from the mitochondrial interior. Currently structural studies of various Bax-
lipid assemblies are ongoing.Protein-Lipid Interactions II
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The tumor suppressor gene, Phosphatase and tensin homolog deleted on
chromosome 10 (PTEN) encodes a protein that is involved in many human
cancers. It binds to the plasma membrane to dephosphorylate the 3-position
of phosphatidylinositol-3,4,5-trisphosphate producing phosphatidylinositol-
4,5-bisphosphate (PI[4,5]P2). PTEN is an agonist to PI 3-kinase, thereby
inhibiting the PI3K/Akt signaling pathway and controlling cell prolifera-
tion and survival. PTEN membrane association depends strongly on the
composition and lateral distribution of the lipids in the membrane. Using
stopped flow kinetic and steady state fluorescence experiments, we charac-
terize the different steps associated with PTEN membrane association and
dissociation.
We find that PTEN membrane association is governed by the nature of the
anionic lipids in the model membrane and their lateral distribution. It has
been found previously that PTEN interacts synergistically with phosphatidyl-
serine (PS) and phosphatidylinositol-4,5-bisphosphate (PI(4,5)P2). When
comparing the kinetics of PTEN binding to PC/PS (30%) and PC/PI(4,5)P2
(5%) vesicles, we find a faster kon value and slower koff rate constant for the
PI(4,5)P2 containing vesicles. When both PS and PI(4,5)P2 are present in the
vesicles, we find the fastest association rate constants. In model membrane sys-
tems, PS and PI(4,5)P2 show only limited co-localization. Therefore, the ques-
tion arises whether PS in biological membranes is the second binding partner,
in addition to PI(4,5)P2, of PTEN. We hypothesize that phosphatidylinositol
(PI), which forms domains with PI(4,5)P2, may replace PS in at least some
physiological scenarios as the second binding partner. We find that PTEN bind-
ing to PI vesicles is as strong as PTEN binding to PS vesicles, confirming the
hypothesis that PTEN binding to PS or PI is non-specific electrostatic. This
finding is a major paradigm shift in the PTEN field.
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DAT is a transmembrane protein in the family of Neurotransmitter:Sodium
Symporters (NSS). The NSS are responsible for the clearance of neurotransmit-
ters from the synaptic cleft, and for their translocation back into the presynaptic
nerve terminal. In contrast to its bacterial homologue, the leucine transporter
(LeuT), mammalian DAT contains long intracellular N- and C-terminal do-
mains that are strongly implicated in the transporter function. The N-terminus
(N-term), in particular, regulates the process of efflux, i.e. the reverse transport
of the substrate (dopamine) through DAT. Currently, the molecular mecha-
nisms of the efflux remain largely elusive due to lack of structural information
on the N-terminal segment. To seek a valid prediction of the three-dimensional
(3D) fold of the N-terminus from the human DAT (hDAT) we used a combi-
nation of ab initio structure prediction tools and extensive atomistic MD sim-
ulations. The ab initio modeling revealed structured regions within the first
57 residues of the N-term. The subsequent long (2.2 ms in total) atomistic
MD simulations of the N-terminal in complex with a lipid membrane showed
that the identified secondary structure elements were stable on the simulation
timescales and were involved in specific interactions with pertinent models
of the cell membrane. The N-term engages with lipid membranes through direct
electrostatic interactions with the charged lipids PIP2 (phosphatidylinositol
4,5-biphosphate) and PS (phosphatidylserine). We identify specific motifs
along the N-terminal domain that are implicated in such interactions and
show that differential modes of N-term/membrane associations result in differ-
ential positioning of the structured segments on the membrane surface. The
molecular insights we report regarding the preferred modes of interaction of
the DAT N-term with model membranes provide a novel structural context
for future explorations of the mechanistic questions related to the functional
mechanisms of this transporter.1275-Pos Board B226
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ABCB10 is a poorly understood ATP-binding cassette transporter of the human
inner mitochondrial membrane (IMM). The IMM is characterized by the pres-
ence of cardiolipin (CDL), a negatively-charged phospholipid that has been
shown to increase protein stability and function upon binding. After PC and
PE lipids, CDL contributes the greatest by mass to the IMM composition. To
identify binding domains for these lipids on ABCB10, we performed coarse-
grained molecular dynamics simulations of ABCB10 embedded in a nanodisc
with a CDL-POPC-POPE lipid bilayer. We found that the binding sites for each
lipid are distinct on the transmembrane region, with POPE and CDL exhibiting
a leaflet-dependent binding preference for the transporter. We also demonstrate
that lipid and water entry into the ABCB10 cavity occur in the closed confor-
mation, suggesting that the as yet unidentified ABCB10 substrate is likely a
lipid.
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Interactions between proteins and lipids play important roles in cellular pro-
cesses, including signaling and growth, and a detailed molecular understanding
of protein-lipid binding partners can improve our understanding of these pro-
cesses. The widely occurring Sec14 family of proteins is known to bind phos-
pholipids. While the family’s lipid binding domain is highly conserved across
species, each protein has a unique binding specificity profile. Being able to pre-
dict this profile based on the sequence of a particular Sec14 domain would be
useful in understanding the physiological roles of these proteins. To this end,
we used a combination of homology modeling and molecular dynamics simu-
lations to develop a structural model of the Patellin1 (PATL1) Sec14 domain.
This model provided a structural explanation for the previously measured pref-
erence of PATL1 for phosphatidylinositol-5-phosphate lipids. The PATL1
model was further evaluated through in vitro lipid binding measurements. Ob-
servations from the PATL1 lipid binding model were used to predict the lipid
binding profile of yeast Sec14 which was also confirmed by in vitro lipid bind-
ing. Thus, structural modeling of Sec14 domains can be used to predict the lipid
binding of Sec14 domain containing proteins, leading to hypotheses about the
in vivo localization and possible functions of these proteins. This structural in-
formation will also be useful in efforts to engineer Sec14 domains with desired
lipid binding specificity.
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The regulation of protein trafficking across cellular membranes, done by trans-
membrane proteins, is a vital process known as translocation. However, protein
translocation is not completely understood and traditional electrophysiology
techniques cannot give an insight into the mechanical properties of transloca-
tion. On the other hand, optical tweezers has been shown to be a suitable candi-
date to study the translocation of soluble proteins but becomes a challenge with
transmembrane proteins. Hence there is a need to develop a biophysical tool
that allows the study of transmembrane proteins into their membrane environ-
ment with optical tweezers.
There is an increasing effort to miniaturize black lipid membranes (BLM), and
several approaches have now been developed to study the translocation of pro-
teins in miniaturized systems. In this work, we develop a microfluidic system
suitable for the study of transmembrane proteins into artificial membranes.
The advantages of our approach include: real-time control over the charge
gradient across the membrane, dynamic exchange of buffers, and capability
to combine with force-spectroscopy techniques.
We demonstrate the formation of a free-standing BLM on a glass micro-device
by measures of capacitance and electron flux detection through toxin pores.
This microfluidic device is combined with a high-resolution optical tweezers
for the study of protein translocation across membranes and the evaluation of
current translocation models.
